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To a solution of γ-butyrolactone 430.5 mg, 5 mmol), N,O-dimethylhydroxylamine hydrochloride (585.2 mg, 6 mmol) and sodium methoxide (70.2 mg, 1.3 mmol) in THF was added dropwise 4-methylphenyl magnesium bromide (20 mmol, 20 mL, 1.0 M in THF) at 0 ºC under argon.
After stirring for 18 h at room temperature, 1N HCl aq. was added to the reaction mixture. After further stirring for 2 h, the reaction mixture was extracted with EtOAc (30 mL x 3). The combined organic layers were dried over Na 2 SO 4 and concentrated in vacuo. The residue was purified by silica-gel column chromatography (hexane/EtOAc = 2/1 to 1/1) to give the mixture of 1,1-di(4'-methylphenyl)butan-1,4-diol (ca. 0.90 mmol) and 4-hydroxy-1-(4'-methylphenyl)butan-1-one (ca. 1.13 mmol).
To a solution of the obtained mixture in MeOH was added sodium borohydride (85.6 mg, 2.26 mmol) at room temperature. After stirring for 6 days, the reaction was quenched with H 2 O (5 mL) and extracted with EtOAc (30 mL x 3). The combined organic layers were dried over Na 2 SO 4 and concentrated in vacuo. The residue was purified by silica-gel column chromatography (hexane/EtOAc = 1/1 to 1/3) to give 1-(4'-methylphenyl)butan-1,4-diol in 21% yield (m, 2H). Spectroscopic data of 1 H NMR was identical to that of the reference 9.
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2-(2'-hydroxymethylphenyl)ethanol (1n)
To a solution of 2-hydroxyphenylacetic acid (0.76 g, 5.0 mmol) or homophthalic acid (0.90 g, 5.0 mmol) in THF (25 mL) was added lithium aluminum hydride (0.57 g, 15 or 0.95 g, 25 mmol) at 0 ºC under argon. After stirring for 24 h at 0 ºC to room temperature, H 2 O and 15 % NaOH aq. were added to the reaction mixture at 0 ºC. After further stirring for 2 h, the mixture was filtrated through celite pad with Et 2 O (400 mL) and the filtrate was concentrated in vacuo.
The residue was purified by silica-gel column chromatography (hex/EtOAc = 3/1 or 1/2) to give 2-(2'-hydroxyphenyl)ethanol (160.3 mg, 1.2 mmol, 24% yield) or 2-(2'-hydroxymethylphenyl)ethanol (438.3 mg, 2.9 mmol, 58% yield), respectively.
2-(2'-Hydroxyphenyl)ethanol (1m)
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To a solution of 4-oxo-4-phenylbutyric acid (3.56 g, 20.0 mmol) in DMF (30 mL) were added NaHCO 3 (3.36 g, 40 mmol) and MeI (3.75 mL, 60 mmol) at room temperature under argon. After stirring 6 h at 60 ºC, the reaction mixture was quenched with H 2 O (20 mL) and extracted with hexane/EtOAc (4/1, 40 mL x 3). The combined organic layers were dried over Na 2 SO 4 and concentrated in vacuo. The residue was purified by silica-gel chromatography (hex/EtOAc = 2/1) to give methyl 4-oxo-4-arylbutyrate in 99% yield (3.81 g, 19.8 mmol).
To a solution of (-)-diisopinocampheyl chloroborane (705.7 mg, 2.2 mmol) in THF (1. To a solution of the mixture (ca. 1.61 mmol) in THF (8 mL) was added lithium aluminum hydride (152.9 mg, 4.03 mmol) at 0 ºC under argon. After stirring for 1 h at 0 ºC, a small amount of H 2 O was added to the reaction mixture. The mixture was directly purified by silica-gel column chromatography (hex/EtOAc = 1/2 to 1/3) to obtain (S)-1-arylbutan-1,4-diol (187.4 mg, 1.13 mmol) in 57% yield (2 steps) and 97% ee. The enantiomeric ratio of (S)-1a was determined by HPLC analysis using Daicel Chiralcel
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OD-H column: n-hexane : isopropanol = 95:5, flow rate 0.5 mL/min, λ = 210 nm: t 1 (minor) = 56.0 min, t 2 (major) = 61.7 min. Absolute configuration was determined by reference 14.
Preparation of (S)-1-arylbutan-1,4-diol
To a solution of succinic anhydride (1.00 g, 10.0 mmol) and anisole (1.30 mL, 12.0 mmol) in CH 2 Cl 2 (10 mL) was added aluminum trichloride (2.00 g, 15.0 mmol) at 0 ºC under argon. After stirring for 9 h at room temperature, the mixture was quenched with 1N HCl aq. (20 mL) and extracted with EtOAc (30 mL x 3). The combined organic layers were dried over Na 2 SO 4 and concentrated in vacuo. The residue (3.00 g) was used for next reaction without further purification.
To a solution of the residue (3.00 g) in DMF (15 mL) were added Na 2 CO 3 (1.44 g, 20 mmol) and MeI (1.25 mL, 20 mmol) at room temperature under argon. After stirring 18 h at 60 ºC, the reaction mixture was quenched with H 2 O (20 mL) and extracted with hexane/EtOAc (4/1, 30 mL x 3). The combined organic layers were dried over Na 2 SO 4 and concentrated in vacuo. The residue was purified by silica-gel chromatography (hex/EtOAc = 4/1 to 1/1) to give methyl 4-oxo-4-(4'-methoxyphenyl)butyrate in 69% yield (2 steps from first step, 1.54 g, 6.92 mmol).
To a solution of (-)-diisopinocampheyl chloroborane (705.7 mg, 2.20 mmol) in THF (4 mL) added obtained methyl 4-oxo-4-(4'-methoxyphenyl)butyrate (444.5 mg, 2.00 mmol) at -10 ºC under argon. After stirring for 48 h at -10 ºC, a small amount of H 2 O was added to the reaction mixture. The mixture was directly purified silica-gel column chromatography (hex/EtOAc = 2/1 to 1/1) to give the mixture of (S)-methyl 4-hydroxy-4-(4'-methoxyphenyl)butyrate and (S)-dihydro-5-(4'-methoxyphenyl)-2(3H)-furanone (total 244.9 mg, 1.09 mmol).
To a solution of the mixture (244.9 mg, 1.09 mmol) in THF (5. The enantiomeric ratio of (S)-1c was determined by HPLC analysis using Daicel Chiralcel After stirring for 48 h at -10 ºC, a small amount of H 2 O was added to the reaction mixture. The mixture was directly purified silica-gel column chromatography (hex/EtOAc = 3/1 to 1/1) to give the mixture of (S)-methyl 4-hydroxy-4-(4'-fluorophenyl)butyrate and The enantiomeric ratio of (S)-1f was determined by HPLC analysis using Daicel Chiralcel 
Typical procedure of cyclic ether synthesis from diols
To a solution of a diol derivative (0.200 mmol) in CPME (1 mL) was added NaH (0.400 mmol, 60% oil suspension) at room temperature under argon. After stirring for 10 min, trimethyl phosphate (0.500 mmol) was added. After further stirring for 24 h, the mixture was quenched with H 2 O and extracted with Et 2 O (20 mL x 3). The combined organic layers were dried over Na 2 SO 4 and concentrated in vacuo. The residue was purified by silica-gel column chromatography to give a cyclic ether product. a) The yield was determined by 1 H NMR using 1,1,2,2-tetrachloroethane as an internal standard.
Optimization for usage of base and phosphate
b) Isolated yield.
Spectroscopic data of products 3-Phenyltetrahydrofuran (2a)
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When using a substrate (1a: 33.2 mg, 0.200 mmol) in Table 1, entry 1 and Table 2 
2-Phenyltetrahydrofuran (2b)
When using a substrate (1b: 33.2 mg, 0.200 mmol) in Table 2 
(S)-2-Phenyltetrahydrofuran (S)-2b
When using a substrate (S)-1b: 33.2 mg, 0.200 mmol in Table 3 , entry 1 according to typical procedure, 2-phenyltetrahydrofuran (S)-2b: 26.8 mg, 0.161 mmol was obtained in 81% yield and 96% ee after the purification by silica-gel column chromatography (pentane/Et 2 O = 20/1).
The enantiomeric ratio of (S)-2b was determined by HPLC analysis using Daicel Chiralcel AD-H column: n-hexane : isopropanol = 79.9 : 0.1, flow rate 0.8 mL/min, λ = 210 nm: t 1 (major) = 13.6 min, t 2 (minor) = 15.3 min. Absolute configuration was determined by reference 14.
2-(4'-Methoxyphenyl)tetrahydrofuran (2c)
When using a substrate (1c: 39.2 mg, 0.200 mmol) in Table 2 , entry 3 according to typical pro-S12 cedure, 2-(4'-methoxyphenyl)tetrahydrofuran (2c: 27.6 mg, 0.155 mmol) was obtained in 78% yield after the purification by silica-gel column chromatography (hex/EtOAc = 10/1). 
(S)-2-(4'-Methoxyphenyl)tetrahydrofuran (S)-2c
When using a substrate (S)-1c: 39.2 mg, 0.200 mmol in Table 3 
2-(4'-Methylphenyl)tetrahydrofuran (2d)
When using a substrate (1d: 36.0 mg, 0.200 mmol) in Table 2 , entry 4 according to typical procedure, 2-(4'-methylphenyl)tetrahydrofuran (2d: 21.9 mg, 0.135 mmol) was obtained in 68% yield after the purification by silica-gel column chromatography (hex/EtOAc = 10/1). 
2-(4'-Chlorophenyl)tetrahydrofuran (2e)
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When using a substrate (1e: 40.1 mg, 0.200 mmol) in Table 2 , entry 5 according to typical procedure, 2-(4'-chlorophenyl)tetrahydrofuran (2e: 24.9 mg, 0.136 mmol) was obtained in 68% yield after the purification by silica-gel column chromatography (hex/EtOAc = 10/1). Spectroscopic data of 1 H and 13 C NMR were identical to those of the reference 17.
2-(4'-Fluorophenyl)tetrahydrofuran (2f)
When using a substrate (1f: 36.8 mg, 0.25 mmol) in Table 2 , entry 6 according to typical proce- 
2-Octyltetrahydrofuran (2g)
When using a substrate (1g: 40.5 mg, 0.200 mmol) in Table 2 , entry 7 according to typical procedure, 2-octyltetrahydrofuran (2g: 28.9 mg, 0.157 mmol) was obtained in 79% yield after the purification by silica-gel column chromatography (hex/Et 2 O = 30/1). 
2,2-Di(4'-methylphenyl)tetrahydrofuran (2h)
When using a substrate (1h: 54.1 mg, 0.200 mmol) in Table 2 , entry 8 according to typical procedure, 2,2-di(4'-methylphenyl)tetrahydrofuran (2h: 38.3 mg, 0.152 mmol) was obtained in 76% yield after the purification by silica-gel column chromatography (hex/EtOAc = 50/1). 
Phthalan (2i)
When using a substrate (1i: 27.6 mg, 0.200 mmol) in C NMR were identical to those of the reference 22.
5,6-Dimethoxyphthalan (2j)
When using a substrate (1j: 39.6 mg, 0.200 mmol) in Table 2 181.0859.
5,6-Dichlorophthalan (2k)
When using a substrate (1k: 41.4 mg, 0.200 mmol) in Table 2 , entry 11 according to typical procedure, 5,6-dichlorophthalan (2k: 19.0 mg, 0.101 mmol) was obtained in 50% yield after the purification by silica-gel column chromatography (hex/EtOAc = 20/1). 
2,9-Dimethylphthalan (cis/trans = 64/36) (2l)
When using a substrate (1l: 33.2 mg, 0.200 mmol, dr = 69/31) in Table 2 , entry 12 according to typical procedure, 2,9-dimethylphthalan (2l: 11.6 mg, 0.078 mmol) was obtained in 39% yield after the purification by silica-gel column chromatography (hex/Et 2 O = 10/1).
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Inseperable diastereomer mixture was obtained. 
2,3-Dihydrobenzofuran (2m)
When using a substrate (1m: 27.6 mg, 0.200 mmol) in Table 2 
Isochroman (2n)
When using a substrate (1n: 30.4 mg, 0.200 mmol) in Table 2 , entry 14 according to typical procedure, isochroman (2n: 11.9 mg, 0.089 mmol) was obtained in 45% yield after the purification by silica-gel column chromatography (hex/EtOAc = 50/1). 
2-Phenyltetrahydropyran (2o)
When using a substrate (1o: 36.0 mg, 0.200 mmol) in 
6,7-Dihydro-5H-dibenz[c, e]oxepine (2p)
When using a substrate (1p: 42.9 mg, 0.200 mmol) in 
Mechanistic studies Equation 1
To a solution of 2-phenylbutan-1,4-diol (1a; 33.2 mg, 0.200 mmol) in CPME (1 mL) was added NaH (16.0 mg, 0.400 mmol, 60% oil suspension) at room temperature under argon. After stirring for 10 min, trimethyl phosphate (57 µl, 0.500 mmol) was added to the reaction mixture.
After further stirring for 6 h or 24 h at room temperature, the mixture was quenched with brine 
Reaction of 3 (equation 2)
To a solution of 3 (41.1 mg, 0.150 mmol) in CPME (0.75 mL) was added NaH 
Equation 3
To a solution of 4 (24.2 mg, 0.100 mmol) and MeOH (12 µL, 0.30 mmol) in CPME (0.5 mL)
was added NaH (12.0 mg, 0.300 mmol, 60% oil suspension) at room temperature under argon.
After stirring for 6 h at room temperature, the mixture was quenched with H 2 O (5 mL) and extracted with EtOAc (30 ml x 3). The residue was analyzed by 1 H NMR with 1,1,2,2-tetrachloroethane as an internal standard, 2a (9.6 mg, 0.065 mmol, 65%) and 1a (0.8 mg, 0.005 mmol, 5%) were detected.
Equation 4 Prearation of diphosphorylated 2-phenylbutan-1,4-diol (5)
To a solution of 1a (498.7 mg, 3.0 mmol) in CPME (15 mL) was added NaH (240.0 mg, 6.0 mmol, 60% oil suspension) at room temperature under argon. After stirring for 10 min, dimethyl chlorophosphate (812 µL, 7.5 mmol) was added. After further stirring for 24 h at room temperature, the mixture was quenched with H 2 O (15 mL) and extracted with EtOAc (20 ml x 3). The combined organic layers were dried over Na 2 SO 4 and concentrated in vacuo. The residue was purified by silica-gel chromatography (EtOAc/MeOH = 30/1 to 10/1) to give diphosphorylated 2-phenylbutan-1,4-diol (5) in 14% yield (155.6 mg, 0.41 mmol). 
Reaction of 5 (Equation 4)
To a solution of 5 (37.8 mg, 0.100 mmol) and MeOH (12 µL, 0.300 mmol) in CPME (0.5 mL)
After stirring for 2 h at room temperature, the mixture was quenched with H 2 O (5 mL) and extracted with EtOAc (30 ml x 3). The combined organic layers were dried over Na 2 SO 4 and concentrated in vacuo. The residue was analyzed by 1 H NMR with 1,1,2,2-tetrachloroethane as an internal standard, 2a (12.0 mg, 0.081 mmol, 81%) was detected. 
